The issue of waste management has been a social and political priority for many years. Different experiences show what benefits can be obtained through interventions that reduce waste or foresee some mechanisms for reusing and recycling. In this context, the paper presents the results of a project financed by the EU LIFE + fund, dedicated to the creation of chains of secondary raw materials. The paper shows the methodology used and the results achieved in the project. In particular the chain for the recovery of olive oil mill wastes is presented. A feasibility study for a recovery facility is performed, confirming the profitability of the proposed technology and the goodness of the design methodology.
Introduction
The issue of waste is a global priority, as evidenced by UNEP [1] [2] and the Horizon 2020 European Programme [3] . The main strategies involve reducing the pollution associated with manufacturing systems with particular reference to waste materials and their recovery. In terms of preventing the production of waste, the strategy aims to a substantial reduction of those products that are to become such and, in general, to reduce their environmental impact, though without setting quantified targets. Together with this principle, the proposed strategy includes the encouragement of the recycling industry, provided that it does not involve momentous adverse effects on the environment, in order to return the waste in the economic cycle as secondary raw materials.
As completion of a complex set of rules, in 2008 the European Commission approved the Directive 2008/98/EC on waste [4] , which aims to help the European Union in the orientation towards the establishment of a "recycling society" as a system based on a gradual reduction in the production of waste and its use as a resource. The Waste Framework Directive also introduces the concept of "the polluter pays", which is a further attempt to make the parties involved in the management process accountable, as well as those of the "responsibility of waste management" (Article 15) and "self-sufficiency and proximity" (Article 16), which are useful in the definition of symbiotic industries. Among the main changes introduced in the EU through regulation the clear definition of the boundaries between "waste", "products" and "secondary raw materials" emerges, as well as the introduction of the new concept of "End of waste" (EOW), which enables the reintroduction of certain waste in the economic cycle, after performing the needed recovery operations. [5] Some sectors are subject to specific directives and regulations in Europe and abroad, such as for the recovery of WEEE (Waste Electrical and Electronic Equipment) [6] [7] or ELV (end of life vehicles) [8] . However, many other sectors can be identified, normed and widespread, with significant environmental benefits in terms of resource consumption and reduction of the flow of materials towards landfills.
There are two possible approaches to recognizing and bringing out positive systems of recycling and reuse of substances otherwise destined for landfill: the first requires finding and disclosing some sectors of successful recovery; the second involves studying the processing technologies that can be used on waste, thus projecting the output in a market of secondary raw materials.
Among the virtuous cases, the German model can be mentioned. Strength of Germany is the approach to waste no longer as a unwanted scrap but as a resource used inefficiently. The technological progress has, in this sense, been a key to the efficient use of raw materials, for the maximization of the recovered fractions and for the installation of incineration plants of the last generation. As the latters, dispose of considerable tons of waste from other States of the European Community, including Italy, they are one of the favorite energy recovery processes, basis for a real waste business. The German Government has developed and implemented a real model of cooperation between producers and consumers -especially for specific sectors such as paper, glass and packaging -which arised from the initiative of private entrepreneurs who benefited themselves from recycled material as secondary raw material [9] . Summarizing we can assume that transforming the waste management in chains of secondary raw materials can be a sustainable evolution, considering both environment and profit.
Based on this virtuous principle, the paper presents a project to improve the environment and territory and its results, not previously published, where the objectives were linked to the discovery of opportunities for chains of secondary raw materials.
Project description and methodology
The More Reusing & More Recycling (Mo.re & Mo.re) [10] project, coordinated by the Lazio Region and co-funded by the European Commission through the Life+ Programme, aims at enhancing the reuse and the recycling of solid waste. This is obtained by establishing an innovative methodology in two defined territories: the Castelli Romani area and the Province of Rieti.
The Mo.re & Mo.re project officially started on the 2nd of January 2010 and ended in June 2012. The project addressed the issues related to unsustainable use of natural resources, focusing on the production processes in terms of both resource utilization and waste management. The Lazio Region hosts the largest garbage dump in Europe and, likewise throughout Italy, the problems related to waste management and to localization of sites for waste processing and recovery are constantly on the political agenda and they constitute a likely source of conflicts between citizens and public institutions. The waste issue is currently a hot topic and in some areas of the country it is a true emergency. In this context, the actions required were not only those for the settlement of the crisis but must go beyond, with a medium-and long-term vision, leading to more satisfactory and lasting results. Consequently, it did not solely mean to support the opening of new waste disposal facilitieswith all the entailed problems -but also to reduce waste volume for disposal by enhancing recycling activities and through the reinvention of supply chains. Therefore, in order to increase the reuse and the recycling of solid waste the Project implemented four macro-phases.
The first macro-phase of the project aimed at determining the absorption capacity of waste production. It involved the study and analysis of most industrial and agricultural processes which are technically feasible to employ part of waste materials in their production cycles. The analyses were carried out in two ways: (i) through interviewing the economic operators of the area concerned and (ii) with the use of specific databases. The interviews were addressed to previously selected operators and each interview allowed us to compare the declared presence of wastes with data from regional and provincial databases, in order to verify the presence of eventual inconsistencies and to ensure that major product categories had not been neglected. The information collected in these two modalities mapped the main product categories that generate waste in the selected area.
Moreover, the information collected was further verified and investigated through the arrangement of meetings with the economic operators. Indeed, to realize a supply map it is necessary to classify and quantify the waste types and the volumes of produced waste over a sufficient period of time in order to evaluate whether or not the waste has been continuously produced. This phase was focused on a specific classification of waste types with the aim to identify and manage exactly the types of waste that are accepted/acceptable by the facilities/activities to which they would be addressed. Another specific aspect of the survey was to assess the continuity of waste production.
Considering the results of this recognition on the local industry, every type of waste with significant quantities in the selected area was studied to find:
-possibility of direct reuse (only sorting and segregation); -possibility of recycling: o transformation technologies available; o output transformations technologies available (secondary raw materials); o request on the territory of the secondary raw material potentially available; o economic analysis of the supply chain.
The reuse of waste and discarded materials has opened a twofold opportunity for regional development planning: on the one hand, it makes possible to address public resources towards productive sectors that are able to absorb the generated waste supply and, on the other, to direct resources towards activities that produce less waste materials.
It is important to remark that a communication phase was developed in the project, to share and capitalize the opportunity opened with the project. Information days, workshops, round tables, conferences and information desks were organized and implemented in the area to spread information about the project, its results, and to establish connections with more potentially interested actors of secondary raw material chains.
In this paper, to illustrate a complete application of the methodology described above, the specific case of the waste of olive oil mill process is presented, since that was one of the most interesting considering the environmental benefits of the recycle chain implementation.
Olive oil mill waste as a secondary raw material
Nowadays oil producing businesses, mostly small and family-run, have to cope with many difficulties in the olive mill wastewater (OMW) disposal: because of the large volume produced and the high cost of conventional treatment methods, often violating the limits imposed by current legislation, OMW is still spread out on agricultural fields and discharged into water, causing dangerous effect on soil fertility and contamination of water stratum [11] . In a three-phase process, from 1 ton of olive it produces: 0.8-0.95 ton of OMW, 0.5-0.6 ton of solid waste and only 0.2 ton of olive oil [12] .
In 2010-2011, Mediterranean countries have produced 2.100.000 tons of olive oil, the 70% of worldwide production, confirming their leading position in the industry [13] .
Italy in particular, where in 2010 (Sixth Agricultural Census) nearly one million olive farms were located and involved about 1,100,000 ha [14] , realized the 20% of the olive oil produced in the EU. This implies the generation of about 440,000 tons of OMW, with an annual organic load equivalent to that produced by 25 million people [15] . In a sustainable approach, considered the organic content of OMW as the main problem of its disposal (COD is ranging between 80 to 210 g/L of oxygen) [15] , but recognizing at the same time the important antioxidant, free radical scavenging, antimicrobial and anticarcinogenic properties of the phenolic compounds of olive fruits [16] [17] , this study promotes a process of gradual re-engineering of olive oil supply chain, in order to eliminate the problems related with OMW disposal and to allow the recovery and the reutilization of the most important phenolic compounds, such as verbascoside and hydroxytyrosol. As the total phenolic content of olive fruits ranges from 100 to 800 mg/kg, several studies demonstrated that only 1-2% of that content ends up in the olive oil, while the remaining amount is divided, almost equally, between the wastewater and the pomace [15] . The growing interest in promoting the use of wastewater and, generally, of by-products of olive oil production, as raw material for the food, pharmaceutical and cosmetic industries follows.
To confirm the advisability of establishing a secondary raw material chain in a specific area close to the Province of Rome, this study analyzes the technical and economic feasibility of an OMW treatment process based on the membrane technology covered by the international patent WO2005123604 [18] . Membrane technology was awarded as the "Best Available Technology" (BAT) by the EPA and its several advantages -such as the low energy consumption, the modularity and the no additive requirements -are acknowledged by the EU [15] [19] . It employs membranes as special filters that allow to recover dispersed solutes, often pollutant, and to generate purified water.
The attention is focused on Italy and, in particular, on the area of Lazio, where the disposal of OMW is a crucial issue. Given the limited productive capacity of the mills in the area, the study analyzes the construction of a plant for the treatment of the OMW produced by a consortium of neighboring oil mills, using press olive oil extraction or three-phase decanter technology. The OMW produced by the involved mills is transported to the plant and submitted to a first pre-treatment of acidification with HCl or H 2 SO 4 and then submitted to an enzymatic reaction that enhances the concentration of soluble polyphenol, with a phase separation of a clear red suspension, on the bottom, from a dense paste, on the top. While the dense paste exits the filtration process, the suspension -with polyphenol content -is pumped in the first tangential flow membrane filtration step, the microfiltration (MF), and then in the following ultra-filtration (UF), nano-filtration (NF) and reverse osmosis (RO) steps. The whole process is summarized in Figure 1 . 
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Figure 1 -The OMW treatment process
Once fixed the input amount of OMW filtration process on 20 tons per day, the daily production follows: 1.8 tons of MF concentrate, 1.6 tons of UF concentrate, 1.4 tons of NF concentrate, 1.6 tons of RO concentrate and 13.6 tons of RO permeate. The MF and UF concentrates, respectively 9% and 8% of input OMW, are advantageously valorized as a source of energy for the mill itself, by the methane produced through anaerobic digestion [20] [21] ; the NF concentrate, 7% of input OMW, with 20 g/l of phenolic content is sold with a market value of 100 €/kg; the RO concentrate, 8% of input OMW, with 30 g/l of phenolic content (90% hydroxytyrosol) is sold with a market value of 260 €/kg; the RO permeate, 68% of input OMW, considered as a purified water with all the characteristics of potable water, is sold with a market value of 0,05 €/l. The total revenues thus obtained, supplemented by share of avoided disposal costs (about 13,5 €/m³), are about 16.000 € per day, so 1.440.000 € for year, if the period of operations is fixed on 90 working days per year, because of the seasonal nature of olive oil production. In order to demonstrate the feasibility of the proposed plant, these annual revenues have been compared with the related total plant cost and the production cost: the total plant cost, obtained by considering several components such as filtration sections, ancillary equipment, building works, center analysis and biogas production equipment, needs an initial investment of about 1.300.000 €; the total production cost, obtained by summing fixed (such as personal and depreciation and amortization) and variable components (such as energy, maintenance, water charges and equipment for membrane washing), is about 3.500 € per day, which amounts to 315.000 € per year.
The comparison between costs and revenues and the application of NPV (Net Present Value) method show that the initial investment may be recovered in three years: as demonstrated by the cash flows analysis, the third year is the first with a positive NPV. The payback period is not short due to the seasonal production and the saturation of the phenolic market, where the output of the filtration process is not easy to place, because of a general mistrust in the use of components extracted from
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waste. Nevertheless the current legislation is getting more and more focused on promoting of the use of OMW -and olive oil production waste in general -as raw materials for the food, pharmaceutical and cosmetic industries, because of its beneficial effects on the environment.
Conclusions
The paper presents the methodology implemented in a project co-financed by the European Commission through the Life+ Programme, and the results drawn from it. The closing of chain to reuse and recycle waste into secondary material is possible with a deep analysis of the specific regional area and through the identification of available technologies for the transformation of waste. This is a complex issue to implement step by step with a deep effort to combine territorial information, database and literature. Through the combination of technical and economic assessments it is possible to point out available possibilities to gather specific waste material from an area and lead it to the local opportunities of recycling or reusing. The investment to realize a plant for the transformation of waste into secondary raw material can be huge but -once it is properly calculatedpublic funding mechanisms or collective solutions can be implemented to develop a solution that is both environmentally friendly and feasible.
Further developments might include an on-line trading platform to help organizations see the real availability of materials to reuse or recycle in their area.
This would provide a valuable help for the local government with the analysis of new possible interventions on the territory and for the investors in recycling technology with the assessment of the amount of material that can be collected in a particular area. The project can be a first step to address and lead the local governments into sustainable development strategies, projects and funds.
